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ABSTRACT

Two extreme climatological contrasts in the 1954 mean monthly wind circulation over the tropical North Pacific

Ocean are presented in the form of cross sections and horizontal analyses.
The horizontal variations of the wind are shown at 10,000-foot intervals
Twenty-seven figures are presented.

near 165° E. from 5° to 35° N. latitude.
throughout the troposphere and lower stratosphere.

1. INTRODUCTION

Until recently, the lack of upper air data in the Tropics
has prevented climatologists from preparing maps depict-
ing mean high-level circulation patterns over most of the
tropical North Pacific Ocean. In an attempt to correct
the lack, as far as this is possible with recent RaAwIN data,
one phase of the work conducted in tropical meteorology
at the Oahu Research Center has been the drawing of
detailed analyses of mean monthly winds for various
atmospheric levels over the Marshall Islands (Korshover
[1). Although limited data have confined Korshover’s
work to the atomic weapons testing periods consisting of
GREENHOUSE (spring 1951), vy (fall 1952), and casTLE
(spring 1954), study of the analyses has suggested that
two, significantly different, mean wind flow patterns
regularly occur over the Marshall Islands. Consequently,
it is the purpose of this paper to describe these patterns
more fully by extending the three-dimensional analysis of
the mean wind flow patterns to the entire tropical North
Pacific Ocean area.

1The research work in this paper has been made possible by support of the Geophysics
Research Directorate of the Air Force Cambridge Research Center under Contract
No. AF19(604)-546,

The wind field is shown on cross sections

2. THE TWO MEAN WIND FLOW PATTERNS

The first mean wind flow pattern illustrated (figs. 8-17)
is derived from winds prevailing during the month of
February 1954. This was a “high index” period and the
horizontal analyses are believed to be typical at each level
of the mean wind circulation over the tropical North
Pacific Ocean area during high zonal index in temperate
latitudes. Daily analyses show that the synoptic flow
pattern in the middle and high troposphere through the
month was essentially zonal and strong in speed.

The second mean wind flow pattern illustrated (figs.
18-27) is based on winds observed during the period
April 16 through May 15, 1954. For this interval of time
the mean horizontal analyses are believed to be typical at
each level studied of the mean wind circulation during a
“low index” period. That the mean wind analyses are
representative of high and low index situations can be
checked by the striking similarity of the climatological
maps to the daily synoptic maps for the same periods as
analyzed by the weather personnel on OPERATION CASTLE.
In other words, the daily departure of the synoptic field of
motion, from the mean, for both periods was very small.

The meager evidence from years before 1954 (almost
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Fiaure 1.—Upper-air observing network in the Central Pacific during spring 1954.
"I'ABLE 1.—Pacific upper-wind stations, types of wind finding equipment, and times of observation
Ty;l)gdof Tyg;adof
W. W.
Station No. Station name finding Tine ofoRierya- || Station No. Station name finding | 70 of SRsEINe:
equip- equip-
ment** ment**
RBlock 91 Block 47
MIAWAY - e e eee e R 03,09, 15, 21 R 03,09, 15, 21
Iwo Jit. oo . R 03,09, 15, 21 R 03,09, 15, 21
Marcus. - R 03,08, 15,21 R , 156
R 03,09, 15, 21 R 03,09, 15, 21
______ R 03, 09-P, 15, 21-P R 03, 09, 15, 21
R 03,09, 15, 21 R 03,09, 15, 21
R 03,09, 15, 21 P 03, 09, 15, 21
R 03, 09, 15, 21 R 03, 09, 15, 21
R 03,09, 15, 21
R 03,09, 15, 21
R 03, 09-P, 15, 21-P
R 03,15-P 014 o Madang. - oo P 04, 10, 16,22
R 03,09, 15, 21 P 04, 10, 16, 22
- R 03,09, 15, 21
Kwajalein._____ R 03,09, 15, 21
Majaro. . . - R 03,09, 15, 21
R , 15-P P 05,11, 23
R 03, 15-P P 05,11, 23
O1 , 06 P 05,11, 23
Cy 00, 06,12, 18 P 05,11,23
3 05,11,17,23 P 02,08, 23
Cu | 00,0618 P 03,08, 22
Fanning._ . . Cr | 00,06,18 P 02, 08, 22
Christmas. . Cy 00, 06,18 P 05,11, 23
Canton._ .ol R 03,09, 15,21
Gardner-. .. Cr , 06, 1
al Ci 00, 06, 18
P 3,15
R 03,09, 15, 21
P 03, 15,
P 03,21
P 03,15
R 03,09, 15, 21 P 03,15
R 03,09, 15, 21 P 03,09
R 03, 09, 15, 21 P 03, 15, 21

*Qccasionally 3-hourly observations are included in addition to the required 6-hourly observations.

**R =Rawinsonde.

P="Pilot balloon, Cr=XLow-level cloud direction.
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TABLE 2.—Number of wind observations at each wind analysis level

Level (it.) Level (it.)
Station Station
2,000 | 10,000 | 20,000 | 30,000 | 40,000 | 50,000 | 60,000 | 65,000 | 70,000 | 80,000 2,000 | 10,000 | 20,000 | 30,000 { 40,000 | 50,000 | 60,000 | 65,000 | 70,000 | 80,000
FEBRUARY 1-28, 1954 APRIL 16-MAY 15, 1954
Block 91 Block 1
79 17 103 95 84 64 46 32 21
108 110 106 88 64 41 24 20 17 11 118 111 106 102 85 27 22 17
69 41 28 18 10 9 10 9 94 104 104 104 104 96 62 57 50 40
106 106 107 91 71 38 18 8 115 114 111 103 99 86 65 59 50 36
97 74 64 47 34 23 10 10 116 78 67 63 60 33 19 17 15
111 111 108 106 105 89 49 45 39 26 114 114 114 110 105 58 53 35
108 110 107 9 79 44 17 13 115 117 118 116 111 95 51 43 16
123 123 122 123 123 122 94 92 86 64 146 144 142 140 140 137 109 99 91 81
82 87 85 85 85 79 56 51 51 42 117 117 117 117 114 72 30 30 27 26
112 110 109 108 100 89 58 49 45 37 110 83 71 60 53 36 24

al 30| 2| | 2 16| 18] 16 130 130| 10| 13| 120 120| 18| 7| 94| 89
16| 106| 108 18| 18| 107| 71| 68| o9| 63 126 | 120 128 1i29| 19| 113 | 74|
01| 108| 07| 109| 19| 107| 75| 66| 63| & 130 | 130 | 139| 137 | 13| 109| 88| 51| 48 34
uz| 18| si| 7| 66| 8| 48| 41| 38| 29 125| 128 | 28| 127| 26| 121| s6| 88| s 7
107 19| 10| 18| 07| 104| 93| e1| 89| 8 88| 50| 41| 30| 2| 23| 19| 18
s2| a2 0| 7 57| 43| 0| 25| 24| 2
g a| | 2| 2| 2| 1| 15| nu 3| 3
102 120 14| 7| s3] 7| e8| 83| 24| 10
n2| 05| 77| 63| 62| 49| 26| | 13

Block 46 Block 46
697 49
oy Bl £ B o= 75200000 | 1| w| w| w| e
3| 71| e 61| 62| 4
Block 47

Block 47

89 87 89 81 56 25
55 56 54 52 41 26
83

€9 71 64 56 41 29
47 48 48 44 34 19
04 60 51 42 26

108 107 104 98 95 64

Block 94 Block 94
43 31 0M_ . ... 39 23
12 085 .__.__ 46 25
38
Block 87 Block 97
38 014 ____.__. 42 26
44 23 146, ... 24 18
44 19 180. ... 53 34
21 04 ______ 26 22
20 802, .____. 42 29
44 860._______ 37 20
27 590.______._ 65 21
85 34 V24 ________ 37 21
Block 98 Bilock 98
41 40 24 16 49 46 31 18
88 76 60 51 48 38 114 105 83 62 59 57
33 26 25 18
36 30 47 30
47 34 48 42 33
47 34 23 17 43 31 19
47 33 18 14
43 39 22 41 39 29

entirely confined to periods during which tests were made have yet to be collected. For this reason, the terms
in the Marshalls) strongly suggests that, if a long “high” and “low” index, as used here, are purely qualita-
series of observations were available, the two situations tive and descriptive, and no attempt is made to disentangle
presented here as ‘“high” and “low” index would be the synoptic from the seasonal aspects of the two situa-
typical in the tropical Pacific of the months February tions. In the high-index situation, the jet stream is
and May; that is, that anticyclogenesis aloft in the strong in speed, the subtropical anticyclones aloft lie
Central Pacific culminates in February, cyclogenesis in close to the equator, and the entire flow pattern is strongly
May. However, the voluminous data upon which a zonal. In the low-index situation the jet stream is weak,
firm statement about seasonal trends could be made the subtropical anticyclones aloft are centered outside
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FiaURE 2.—Mean zonal component of the wind in knots near 167°
E., February 1954.
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F16URE 3.—Mean meridional component of the wind in knots near
167° E., February 1954.
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Fieure 4.—Steadiness of the wind in percent near 167° E., February
1954.

the Tropics, and the wind pattern aloft shows large
meridional air movement associated with upper-level
cyclogenesis. The maps presented here illustrate the
low-latitude concomitants of these situations. The difh-
cult question of the part played by seasonal variation
has to be treated at greater length in future publications.

3. ANALYSIS METHOD

The area of analysis extended from Hawaii to the coast of
Asia in the east-west direction and from 0° to 35° N. in the
north-south direction. The lowest level of analysis
selected was 2,000 feet; winds at that level are not affected
by possible orographic disturbances due to low-lying
atolls. Good evidence of profound orographic effects
is seen near the borders of the maps, such as in the
Philippines, Formosa, and Japan. Here, the 2,000- and
even 10,000-foot winds reveal large departures from a
consistently smooth flow.

Above 2,000 feet, and starting with the 10,000-foot
chart, the wind analyses have been carried out at 10,000-
foot intervals to 80,000 feet (figs. 8-27). DBecause the
wind structure immediately above the tropopause is
complex, an additional chart at 65,000 feet has been
included.

All upper wind data were obtained from teletypewriter
collectives received at various stations in the Pacific.
The upper wind reporting stations, their type of wind-
finding equipment, and their scheduled times of observa-
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Figure 5.—Mean zonal component of the wind in knots near 167°
E., April 16-May 15, 1954.

tion are listed in table 1 for reference. The geographic
distribution of the stations is shown in figure 1. Table 2
contains the number of wind observations that were used
to arrive at the mean resultant wind value for each
analysis level.

The streamline analyses have been performed by the
isogon method (Palmer and others [2]). The speed lines
have been drawn for 10-knot intervals, and occasionally
where gradients were weak, a 5-knot interval was used.

The three-dimensional aspect of the wind circulation
shown on each horizontal wind chart may be enhanced
through the use of a wind cross-section drawn for 167° E.
The % and » components of the wind and the wind

steadiness (_§=%—l where S is the steadiness, |V| is the

‘mean vector speed, and C is the mean wind speed irre-
pective of wind direction) are presented in figures 2-7.
‘The names of all large-scale wind systems have been
identified at their centers with appropriate symbols
(Palmer [2], [3]).

4. COMMENTS ON THE MAPS

. The following points deserve special emphasis:
.1, No other tropical region in the world contains so
‘dense 8 RAWIN observational network as that now in
‘existence in the Central Pacific.

2. The wind circulations presented herein were selected
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F1GURE 6.—Mean meridional component of the wind in knots near
167° E., April 16-May 15, 1954,
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FieurE 22.—The field of motion at 40,000 feet, April 16-May 15, 1954,
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Fiaure 23.—The field of motion at 50,000 feet, April 16-May 15, 1954.



100 MONTHLY WEATHER REVIEW Magcm 1956

3 ok 3 - - ok =

o e e -l e -l
T 1
MEAN RESULTANT Wi S} -
APRIL - MAY "1954 © © 60,000 FEET ' |
STEADINESS (%) |——— slmmunei ce
9,

Tdad tF . |-« ISGTACH . (KNOTS) | .
- { - - )» NUMBER OF CASES (25 -

303 089

Ceoan
c et w2 - - - -

e %

-~ - 3 -~ o - - - ) ) ™ e L] 3 -
3 T " |"MEAN RESULTANT Wps. . |- .. -] . ]|
|| APRILS MAY 1954 | 65,000 [FEET -
BTEADINESS (%) = STREAMLINE - - -« -
I S e T T T e R
E { R ) N'UMBER OF {CASES - {25 - -

il

i W

L —— .
“
g e T .
Lo .
> juzs’oe.s) ot — :,_'-‘-_v.;'_ L
Rt s e AP 038°08.0 28 4

o
038 0z.6 4’

_,\,.j_&

bl P P o SO R BN SR N H N B B N T FE R R R
r,—fé”‘t © R /-/X\°&g R RS EETEE LARRE EEERE B . EERE

. y e 3 F ] e o
Mmoo v@‘fi‘_:c*,‘,’%{@iﬁ O B N L EEEET Rl B DR D

FicUure 25.—The field of motion at 65,000 feet, April 16-May 15, 1954.
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Fiecure 27.—The field of motion at 80,000 feet, April 16-May 15, 1954.
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because they typify high- and low-index situations, as
understood qualitatively by the synoptic meteorologist.

3. In the Central Pacific the wind steadiness associated
with the upper tropospheric wind systems is greater than
that associated with the lower tropospheric systems.
This fact points up the large stability of these large-
scale upper-level wind circulations in that area.

4. As far as the upper tropospheric and lower strato-
spheric circulations are concerned the maps are not incom-
patible with those already published (Kochanski [4],
Fiohn [5], U. S. Weather Bureau [6]). However, it should
be pointed out that no attempt at the separation of ‘high-
index” and ‘low-index’’ mean circulations was formerly
made so that those analyses probably represent averages
based on situations of both types.

5.. There still remains the fundamental difficulty of
describing in the three-dimensional picture, the relation of
the circulation in. the Northern Hemisphere to that of the
Southern Hemisphere. = This could be remedied if addi-
tional stations were instituted from 5° N. to 10° S, even
for limited periods of time.
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